We discuss the √ s-dependence of the K + /π + ratio in heavy-ion collisions (the "horn" effect) within a Mott-Anderson localization model for chemical freeze-out. The different response of pion and kaon radii to the hot and dense hadronic medium results in different freeze-out conditions. We demonstrate within a simple model that this circumstance enhances the "horn" effect relative to statistical models with universal chemical freeze-out.
Mott-Anderson freeze-out for pions and kaons
We like to investigate whether the Mott-Anderson model scenario [1, 2] would predict different chemical freeze-out conditions for kaons as compared to pions. According to this model the chemical freeze-out of hadrons from an expanding and cooling fireball created in the course of an ultrarelativistic heavy-ion collision is based on the strong medium dependence of hadronic radii which govern hadron-hadron cross sections via the geometrical Povh-Hüfner law σ hh = λ r 2 h r 2 h [3] . The (inverse) collision time τ −1 coll,h = h σ hh n h determines the relaxation of hadron species h towards its chemical equilibrium by reactive collisions with hadrons h having a number density n h . Due to the reduction of the chiral condensate in hot and dense hadronic matter the hadron radii swell as a precursor effect for the Mott-Anderson delocalization of hadron wave functions in the course of the chiral restoration transition. This behaviour has been quantified for the pion within the NJL model [4] as
In a hadronizing quark-gluon plasma the medium dependence of the chiral condensate has the form [1, 2, 5]T,µ = qq
where the first term stands for the quark meanfield contribution to the chiral condensate and the second one comes from the correlated quarks in hadrons with the scalar density
Here h = M, B stands for (M)esons and (B)aryons with the minus (plus) sign for mesons (baryons) in Eq. (3). The hadron sigma terms are defined as σ h f = m f (∂m h /∂m f ) for the quark flavors f = u, d, s, . . . [5] . The general expression (2) can also be applied for the strange quark condensate by replacing q ↔ s.
As shown in [1] , already a schematic resonance gas model consisting of d π = 8 pionic and d N = 20 nucleonic degrees of freedom gives an excellent description of the universal freeze-out line in the T − µ B plane. This curve has been given the parametric form [6] 
where √ s is the collision energy in the nucleon-nucleon center of mass system. We will identify this curve with the Mott-Anderson freeze-out line for pions.
In order to apply the model to kaon freeze-out we have to consider the in-medium kaon radius which in analogy to (1) reads
Now we are in the position to understand why the Mott-Anderson model predicts different freeze-out lines for pions and kaons. While the pion radius directly responds to the medium dependence of the light quark condensate which gets modified already due to the presence of pions themselves as the lightest species in the system, the kaon radius depends on the strange quark condensate (see Eq. (2) for q ↔ s) which is more inert to the medium since its modification requires that strangeness-carrying species be abundant. The latter, however, are suppressed relative to light hadrons by their larger mass so that a possible approximation reads
The numerical results for the pion and kaon freeze-out lines are shown in the right panel of the final Fig. 4 below.
2 The kaon freeze-out line from K
Pion and strangeness chemical potentials
To address the strange matter "horn" we have to consider the ratio of yields of positively charged kaons to positively charged pions, denoted as
Within the thermal statistical model, the number densities of charged pions and kaons are given by
where µ = µ B /3 is the light quark chemical potential. For the strange quark chemical potential µ s which has to assure vanishing net strangeness we take µ s = εµ, being guided by [7] to adopt a proportionality to µ. Forming the ratio K + /π + = n K + /n π + one can now attempt a preliminary comparison with data and explore the role of the two parameters µ π and ε, see Figs. 1.
The chemical potential µ π for pions was introduced as a phenomenological parameter to decribe the low-momentum enhancement of the pion distribution observed at CERN SPS [8] , with a value of the order of the pion mass signalling the onset of pion condensation. Recently, the parameter µ π has been rediscovered as a possibility to solve the proton-to-pion puzzle at LHC [9] . Here it has been given the meaning of parameter characterizing the nonequilibrium nature of the pion distribution as imprinted in their transverse momentum spectra. Note that role of a pion chemical potential in the context of condensation phenomena has been pointed out, e.g., in Ref [10] . An elucidation of the emergence of this parameter from an underlying nonequilibrium description of pion production in heavy-ion collisions is, to best of our knowledge, still missing. 
Parametrizing different kaon and pion freeze-out
In a next step, we want to explore the possibility that the kaon freeze-out points in the T − µ B plane do not coincide with those for the pions which are assumed to lie on the universal freeze-out curve parametrized by Eqs. (4) and (5) . To this end, we make the ansatz
where
We have denoted T 0 = a in order to make clear the meaning of the parameter a as the freeze-out temperature at vanishing baryochemical potential. The parameter γ ≥ 1 reflects our expectation from the Mott-Anderson model of Sect. 1 that the freeze-out line for the kaons lies for a given temperature at larger µ B -values than that for pions, see Fig. 2 , left panel.
The assumption we make now is that the evolution of the system across the freeze-out lines follows lines of constant entropy T /µ = κ for a given √ s, and
can be found from the ratio of Eqs. (4) and (5). In order to determine for given √ s the freeze-out point for kaons, one finds first µ K f o from solving the fourth order equation in µ
and then inserts the solution in (12) to find the kaon freeze-out temperature
As a result of this procedure we obtain the ratio K + /π + shown in Fig. 3 , where kaon and pion densities are to be taken at their respective, differing freeze-out points which are related by a straight line in the T − µ B plane. Varying √ γ in the range 1 ≤ √ γ ≤ 1.3 we observe that the slope of the K + /π + ratio below the "horn" gets diminished while the asymptotics at high √ s remains unaffected.
Result and discussion
In Fig. 4 we show in the left panel the result for the K + /π + ratio with a pointwise fit of the function γ( √ s) in order to describe the shape of the "horn" effect. This parametrizes the deviation of the kaon freeze-out line from that of the pions in the T − µ plane as shown in the right panel of that figure.
For not too high values of µ < 0.7 µ max the comparison with the prediction from the Mott-Anderson model works very well. Beyond this value of the chemical potential, i.e., for energies below the peak position of the "horn" at √ s ∼ 8 GeV, both the simple assumption of neglecting strange hadrons in the formula for the strange condensate in the Mott-Anderson model and the simplifications of the toy model for extracting the kaon freeze-out line break down. Among the issues to be included upon improvement are resonance decays, excluded volume effects, the canonical statistical suppression factor and an elucidation of the interrelation between the non-universal freeze-out discussed here and the strangeness enhancement factors used in alternative approaches [11, 12, 13] . Moreover, it will be interesting to study the relationship to other approaches to the "horn" effect like, e.g., the modified statistical model [14] or the "quarkyonic" explanation of Ref. [15] . Nevertheless, the first step gave a promising result and the necessary improvements to go further can clearly be identified.
